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I. INTRODUCTION

The first phase of the LB/TS work at the Idaho National Engineering
Laboratory (INEL) began during early 1988, and continued until November
1990. The results of Phase I were reported November 1990 in the EGG-ME-
9358 Large Blast/Thermal Simulator Insulation/Valve Testing Informal
Report. The test facility was left in stand-by conditions to await
additional funding for continuing the testing of the Eaton Throat Valve
Element (ETVE). The funding for Phase II became available during the
Spring of 1991 and work was resumed thereafter.

The Phase II for LB/TS test program at the INEL was carried out under
DOE contract No. DE-ACO7-76ID01570 for the US Army Ballistic Research
Laboratory (BRL) at the Aberdeen Proving Ground, Maryland. Calculations
documenting the design, fabrication and inspection of the shock tube
assembly, and the work and testing performed by the INEL are contained
in the EG&G Engineering Department Project File No. 015272. This file
will be kept in storage at the EG&G Document Control Unit for twelve
months after project completion.

Phase II of this test program had three major objectives.

a. EVALUATE THE SPEED AND ACCURACY OF THE ETVE

The time between the command signal and the first valve motion, termed
the opening lag time, was evaluated. The opening lag time of the valve
is important because it must be known in order to coordinate the opening
of several valves. Multiple valves opening at the same time will be
used in large blast simulators. The opening lag time was measured at
various driver gas and actuating pressures.

b. MEASURE THE PERFORMANCE OF THE ETVE IN RELATION TO THE FLOW SHOCK
FORMATION

The performance of the ETVE in relation to the flow shock formation was
measured by recording pressure histories at a number of points in an
expansion tunnel mounted downstream of the ETVE.

c. ASSESS THE PERFORMANCE OF THE ETVE SEALS

The performance of the ETVE seals was assessed by measuring the leak
rate through the ETVE prior and subsequent to each blowdown. The seals
were inspected after all the testing was done, and they were in good
condition with no deterioration noted as a result of the cyclic testing.
All sixteen tests were performed with the same set of seals and there
was no need to replace them.

II. TEST APPARATUS AND INSTRUMENTATION

The LB/TS model shock tube facility is composed of eight main components
or systems. A schematic of the overall testing assembly layout is
presented in Figure 1.
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1. THE DRIVER TUBE

The driver tube was built by Thermal Sciences Incorporated (TSI) ST.
Louis, Missouri. The driver tube is composed of three four-foot long
sections. Each driver tube section is made up of a two-foot section of
14 inch schedule 140 pipe welded to two standard 1500 lb-14 inch welding
neck flanges (Figures 2 and 3). One end of the driver tube was equipped
with a remotely operated inlet valve, and the other end housed the
remotely actuated Eaton Throat Valve Element (ETVE) to be tested.
Attached beyond the ETVE was the expansion tunnel described in section
11.8. below.

2. THE NITROGEN HEATING SYSTEM (NHS)

The NHS is a 30 KW immersion electric type heater. This heater remained
in the system as an integral part of the piping. No power was supplied
to the heater during Phase II since the testing was done with the driver
gas at room temperature. The heating capability was used only during
Phase I.

3. THE NITROGEN SUPPLY SYSTEM (NSS)

The NSS was made up of a bank of 6 Kpsi nitrogen cylinders manifolded
together. The cylinders were exchanged as needed through the test
series to ensure there was an adequate supply of pressure and volume of
nitrogen for each test performed.

4. THE SAFETY RELIEF VALVE/VENT AND THE OVERPRESSURE VENT SYSTEM

Both the Safety Relief Valve/Vent and the Overpressure systems were
designed to ASME/ANSI B31.1, 1980 ed., Power Piping Code. The safety
relief system was comprised of a safety relief valve (SRV) and the piping
used to vent the system if the SRV was actuated. The SRV was purchased
to comply with the ASME Section VIII Division I Boiler and Pressure
Vessel Code as it specifically applies to safety relief valves. The
valve was located between the NHS and the driver tube to provide safety
pressure relief for both the NHS and the driver tube. A complete
analysis and design documentation for the safety relief valving and
piping is documented in the EG&G Project File No. 015272.

The venting system is the piping necessary to appropriately vent the
nitrogen to the atmosphere in the event of overpressure conditions, also
labeled "Relief Line" in Figure 1. As with the Safety Relief System,
the piping was analyzed for thermal, dynamic, and static loading in
accordance with the ASME/ANSI B31.1 Power Piping Code. This analysis is
documented in the EG&G Project File No. 015272.

5. THE EATON THROAT VALVE ELEMENT (ETVE)

The ETVE is a fast acting-sliding action valve built by Eaton
Consolidated Controls for the flow control of the blast generators of
the LB/TS. It is operated by applying 1600-3000 psig of air to two
solenoid valves. One solenoid valve opens the ETVE and the other closes

3
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the ETVE. The lag time of the valve varied from 36 to 120 milliseconds
from the time the fire signal was initiated to the time the first
movement of the Hall Effect Sensor (labeled "Displacement Sensor" in
Figure 1) was detected. A schematic of the ETVE is shown in Figure 4.
Figure 5 shows a downstream view of the ETVE and Figure 6 shows the
Throat Element disassembled.

During Phase II, a seal arrangement (different from that used during
Phase I) was proposed by EG&G personnel to the BRL. BRL and Eaton
concurred with this proposed arrangement since Eaton could not propose
another arrangement that seemed more suitable to them. This arrangement
constituted using the same system of O-rings and soft seals in all the
grooves (including the grooves which travel over the portholes). This
method proved effective, and all tests were performed with the same set
of seals. A video tape has been forwarded to the BRL in the format of a
step-by-step instruction on how to dis/assemble the ETVE with the
current seal arrangement and the overall dis/assembly of the complete
ETVE structure.

NOTE: It is of importance to notice that the full scale LB/TS testing
will involve heated nitrogen. The seal performance has only been tested
under room-temperature driver gas conditions.

6. THE DATA ACQUISITION SYSTEM (DAS)

Two different types of computerized data acquisition were used during
Phase II. The instrument/channel relationship for the RC ISC-16/CR card
is outlined below.

Channel No. Signal Recorded

1 ETVE Fire

2 ETVE Hall Effect

3 Pressure transducer in expansion tunnel at loft

4 Pressure transducer in expansion tunnel at 18ft

5 Pressure transducer in expansion tunnel at 31ft

6 Pressure transducer in expansion tunnel at 4Oft

7 Pressure transducer in expansion tunnel at 54ft

8 Pressure transducer in expansion tunnel
centerline at 18ft

a. Kae 700DMDAS: This system interfaced to an IBM AT personal
computer. The Kaye is a high speed data acquisition, signal
conditioning, and data recording system capable of a continuous sampling
rate of up to 20,000 samples per second. Expandable modules allow the
Kaye to provide amplification, multiplexing, and analog-to-digital

6
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conversion for up to 10 channels of differential input. The IBM AT is
used to perform engineering unit conversions and obtain calculated
parameters from various measurements.

b. RC ISC-16/CR card: This multiplexing card was purchased from
RC Electronics of Santa Barbara, California, as a request by the BRL for
ease of use and compatibility with the DAS used at BRL. This card was
used in connection with a Compaq LTE 386/20. The system was capable of
an aggregate throughput of 160,000 samples per second to system Random
Access Memory (RAM). This system recorded the signal from the
displacement transducer and the expansion tunnel pressure transducers.

7. FACILITY FLOOR MODIFICATIONS

The facility floor was modified to resist up to 53,000 lb-ft expected
thrust. Cradles were built for the driver tube which transferred the
thrust to drill piping fixed into the lava rock beneath the facility
floor. Figure 7 shows the cradles and drill piping above floor level.
These are the same structures used during Phase I.

8. EXPANSION TUNNEL

The expansion tunnel is a 100 ft long steel tube with 0.137 inch wall
thickness. A shock wave is formed here after the ETVE is actuated and
the nitrogen is released from the driver tube. Five pressure
transducers were located along the tunnel: at 10 ft, 18 ft 6 in, 31 ft 8
3/4 in, 40 ft 1 1/4 in, 53 ft 5 3/4 in, and a head-on transducer located
in the centerline of che tunnel at 18 ft from the ETVE. See Figure 8.
All these measurements were referenced from the upstream end of the
expansion tunnel.

III. WORK PERFORMED

This Section describes the work performed in order to accomplish the
three major objectives as listed in Section I of this report.

1. SCOPE OF WORK

To complete the test project, three major tasks had to be accomplished.
These are (a) the test preparation, (b) the test execution, and (c) the
facility clean-up.

a. Test preparation. In preparation for the valve testing, the
interior insulation of the driver tube was removed, and the inside walls
were polished. The driver tube was reassembled and the ETVE was
reinstalled. The driver tube was then recertified at 125 percent of the
maximum operating pressure of 1800 psig. (Note that the recertification
of the driver tube is part of the test preparation, not the execution of
the test).

10
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b. Test execution. Testing of the ETVE commenced on November 5
and was completed on November 25, 1991. A total of sixteen tests were
performed under conditions outlined in Table 1.

c. Facility clean-up. After completion of the tests, the test
system was disassembled and the equipment which was purchased with US
Army funds was returned to the BRL (Attachment 2 lists the equipment
returned to BRL).

2. ETVE TESTS

This section describes the testing performed in the order of increasing
driver tube pressures. Test conditions and test notes have been
transcribed from the original test log to Table 1 of this report for
ease of reference. The actual (chronological) order of the tests is
indicated in Table 1, where the date each test was performed is
indicated.

The testing was performed in accordance with the EG&G Operating
Procedures 246 (OP-246). The data recorded in the test log has been
summarized in Table 1. The original copy of OP-246 (test log) will
remain in the EG&G Project File No. 015272.

It is of importance to note that the ETVE control box did not provide
flexibility in choice of dwell times. The dwell time was fixed by Eaton
to be one second from the time the signal is sent to the valve to open,
and the time the next signal is sent to close the valve. Therefore, any
reference made to the dwell time in the OP-246 has been marked with an
N/A.

It should be noted that the LED's which were used during Phase I testing
to indicate if the ETVE was ready to fire were disconnected by Eaton
during Phase II. Therefore, the OP-246 have N/A's indicated in all the
steps making reference to the LED's.

3. DATA ACQUISITION

The data recorded during the testing were recorded in two different data
acquisition systems as described in section 11.6 of this report. The
diagnostics data will be transferred to the US Army BRL as a summary in
Table 1 along with other data and observations of interest for each test
performed.

In addition to this report, a data file containing printouts from the
ISC-16SH card will be forwarded to the US Army. The raw and reduced
data acquired from the ETVE hall effect sensor and the pressure
transducers in the expansion tunnel will be transferred to the US Army
in a 44MB Bernoulli disk.

Back-up copies of these electronic files and of the data printouts will
remain stored in EG&G's Document Control storage area for 12 months
after the project completion.

13



i Ei E

.~c.~ .

3 MC iz C 3lot ,Or 'a -i , . i j i j .=

Co:

0: cci~in - " t 0: it:*.

. .. . . Al .~ .mS' E~~

c ai

F t
I- . .~ .

t : : :

.A . . . T 1 p p

ai46
R: 2. 0: R0 r:R : R

*C":
E2 .2 RE R R 2 l - .

:1 1 ~ 114 i0



010

6e i

c Al.
I 13'01 mi.1e IV~

E5 F
St ~ k

C XJ .0.CC 000e J i *0-CJ
31"gz ggg i Vgg VC: S: 0 ,:

NNNN ~ ~ ~ ~ ~ ~ ~ t 91sNN~(~N Z.~...N N

W. Cm2 iOlv lSra2 --
-Gl si 11V

E - -eMj3

23 iii i

0u W l :I

aj
V. rg . . ; F; . G .0.9:; .G.F r. 0..gg .ia

0R
gwf. f' e !Z

0 4 4

86 8 :6 T

A 1

0v1 14 a5l



*T.!

I i

£ 8i

2.5 5j S
a0.:

S!S

CS .a. 80 e.

0 , Oftg s on:oin:

.6 1 E'CaIeveCRE C.eea

#Z c: b 0000 00000 00000 00000 C:

*b C : ECC CCC T; 0.:C: C:C K

ai - i Z. a a a;a il 'I l i l i

E, i

tL ;...
.6-......- .-. - .~ .... ...

wn I f

0: out Oia

0 0:
0 Con

S I0

C3 .. CL,:a
1-.S: cti .* . E

I I £ C

A!o
... .....

-F 16



a. Data Collection.

The primary data collection was performed on a Compaq LTE DOS based
PC with a RC electronics high speed data card as the front end. This
system collected 8 channels of data at an aggregate rate of 160,000
samples per second. Channels 1 and 2 monitored the Eaton Valve fire
signal and the hall effect which monitored the opening and closing of
the ETVE. The hall effect signal was amplified with a gain of 1000
while channels 3 thru 8 were amplified with a gain of 50. Channels 3
thru 8 were connected to the pressure transducers on the expansion
tunnel. These pressure transducers were excited by a calibrated 10
volts.

Software used to collect data from these channels was furnished by
RC electronics. This software was their Electronic Chart Recording
package running under their main EGAA software. Due to the aggregate
data rate, all data collecting was to a RAM disk located on the PC. The
software uses 7 files to contain test configuration and raw data. Each
test recorded was saved to a hard disk.

Once the data was collected to the RAM disk, it was written to a
hard disk in the raw format in ASCII format for further processing. A
file naming convention was adopted to store all the data. All test data
start with the characters "tst" followed by the test number and pressure
step. For example, there were 4 tests performed with 900 psi pressure
in the driver. These tests are labeled sequentially as; tstl900,
tst2900, tst3900, and tst4900. This naming convention is applied to all
files used by the RC software. The disk directories are also divided
using this convention.

b. Data reduction

Once the raw data was collected, an ASCII data set was made for
the blowdown region. ASCII data was then imported to a graphics and
analyzing package called Dadisp. This package was used to take the
gains of the pressure measurements and apply the calibration
coefficients generated from the calibration data sheets for each
pressure transducer. Data was further expanded to 6000 points around
the blowdown and written to disk in an ASCII format. Plots of this
data, the complete data set, and an expansion of 1000 points at
blowdown has been already forwarded to the US Army in a compiled file
(See Attachment I for list of equipment and information transferred to
the BRL). The ASCII data on disk is found in each of the test
directories under extension ".asc" in the Bernoulli disks forwarded to
the US Army. The naming convention for this data is:

FIRE.ASC Fire signal generated at the Eaton Valve control.

HALL.ASC Hall effect signal on Eaton Valve.

ETIO.ASC Pressure transducer on the expansion tunnel at the 10
feet mark.

17



ET18.ASC Pressure transducer on the expansion tunnel at the 18
feet mark.

ET31.ASC Pressure transducer on the expansion tunnel at the 31
feet mark.

ET40.ASC Pressure transducer on the expansion tunnel at the 40
feet mark.

ET53.ASC Pressure transducer on the expansion tunnel at the 53
feet mark.

ETSPIDER.ASC Pressure transducer located inside the expansion
tunnel on a center line at the 18 feet mark.

IV. DISCUSSION OF RESULTS

The results and observations of Phase II will be discussed in the same
order the testing objectives were identified in section I of this
report. The data analysis will be performed by the Ballistic Research
Laboratory (BRL); this section only describes the ETVE's performance as
observed during testing. All the raw and processed data has been
forwarded to BRL along with printouts of the processed data in plot
format for the data acquired by the ISC-16SH card as described in
section III.3.b of this report.

I. THE SPEED AND ACCURACY OF THE ETVE

During Phase II, the ETVE was actuated sixteen times at various driver
tube pressures varying from 57.7 to 1800 psi. The valve opening lag
time, the time the fire signal was initiated until the first detection
of movement by the Hall Effect Sensor (HES) was observed. The valve
opening lag time varied from 36 to 120 milliseconds. The valve opening
lag time appears to be dependant on the actuating pressure rather than
on the driver tube pressure. Table I of this report indicates the
approximate valve opening lag time measured for each test. The Hall
Effect Sensor leads fell off the valve in four of the tests. A better
attaching mechanism must be developed to secure the Hall Effect in place
and/or to strengthen the leads. The dwell time was fixed to 1 second
(The specification requested that the valve provide a dwell time
variable from 0 to 100 ms).

2. THE PERFORMANCE OF THE ETVE IN RELATION TO THE FLOW SHOCK FORMATION

When there was pressure in the driver tube, the ETVE chattered several
times (up to 21 open/close cycles). When there was no driver tube
pressure, the ETVE cycled only once to open. The closing cycle was
detected only once in all instances.

Several actuating pressures were used for the ETVE open cycle to attempt
to eliminate or characterize the ETVE chattering in relationship to the
actuating pressure. The number of apparent chattering cycles decreased
as either the driver tube pressure was decreased, or as the ETVE

18



actuating pressure was significantly increased. Actuating pressures of
3000 psi produced less "chatter" during the opening cycle than lower
pressures used ranging from 1500 psi. The ETVE is currently designed to
handle a maximum of 3000 psi of actuating pressure.

3. THE PERFORMANCE OF THE ETVE SEALS

The seal arrangement proposed by INEL was successful at maintaining a
maximum leak rate of 7.62% per minute at 1800 psi and decreasing
percentage with decreasing driver pressure. The only exception observed
was test 3-235 psi which indicated a leak rate of 9.2% per minute. The
seal arrangement was only tested successfully for room temperature
nitrogen in the driver tube. Caution should be exercised when testing
with hot nitrogen, the seal performance may be different under these
conditions. There were no tests performed with hot nitrogen with the
seal arrangement proposed by INEL.

The specification requested that the valve maintained a leak rate no
greater than 15 Ibm/hr at 180 psig at room temperature and no greater
than 125 Ibm/hr at 2250 psig at 7000F. For the conditions the valve was
tested during Phase II, the leak rate was estimated at 5.1 lbm/hr at 230
psig.

However, it is of importance to notice that the driver tube isolation
valves would leak when subjected to 50 or more pounds of pressure
differential across them. This situation indicates that the leak rate
calculated is not only the leak across the ETVE alone, but in reality,
it is the net pressure differential in the driver pressure caused by
leaky inlet and outlet isolation valves, in addition to the leak across
the ETVE. The precise leak rate through each isolation valve could not
be determined under the current contract due to budgetary constraints.

V. CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

The test series demonstrated that the ETVE conformed to a number of the
specifications set for it. However, four critical specifications were
not met; leak rate, opening time, dwell time and closing time. The leak
rates were not confirmed because the specifications call for operation
with hot nitrogen which the existing system could not provide. The leak
rate with room temperature gas appears acceptable. The opening time
specification was not confirmed because there was no direct method of
measuring it and because the pressure records indicate the valve
chattered and hence failed to stay open on the first attempt. The valve
control system did not provide a variable dwell time as called for in
the specification. The closing time was not confirmed because it was
not tested in this program in order to concentrate on the problems of
valve opening.

19



In general, the conclusions observed were as follows:

a. The ETVE open lag time varied from 36 to 120 milliseconds. The
open lag time appears to be inversely proportional to the actuating
pressure used in the ETVE, and not related to the driver pressure.

b. The valve chattered opening and closing several times before
settling in the open position. The pressure level achieved when the
valve settled in the open position was in agreement with that predicted
for a smooth valve opening.

c. The ETVE Hall effect sensor can only indicate that the valve
throat moved. No information to determine the direction of the movement
or the precise amount of the displacement can be determined from the
current configuration as provided by Eaton.

d. The valve seals worked well when the driver tube was
pressurized with room temperature gas.

e. Eaton could not repair the control systems for the ETVE to
provide a variable dwell time. During Phase II, the dwell time was
fixed to one second.

f. The exact leak rate through the ETVE could not be determined
because of the unrelated isolation valves leak.

2. RECOMMENDATIONS

It is recommended that the following changes and further tests be
performed to more fully characterize the ETVE performance and adherence
to the original requirements.

a. Install an LVDT in place of the hall effect sensor. This
change would provide information regarding the exact position of the
valve throat with respect to time, and not only an indication that the
throat moved. A more reliable mechanism needs to be developed to secure
the sensor leads in place.

b. Testing should be performed with heated nitrogen in the driver
tube. This testing would help determine the seals performance under
heat transfer conditions.

c. The ETVE control mechanism needs to be modified to allow for
flexibility of the dwell time. If flexible dwell time is unattainable,
the Full Scale LB/TS Facility design will have to accommodate the fixed
dwell time and program the timing necessary to provide the valves
opening sequence as needed. Off-the-shelf systems can be purchased to
achieve the same effect.

d. The ETVE would have to be structurally strengthened to allow
for greater than 3000 psi actuating pressures. Reducing the *chatter"
would possibly provide a clean shock wave in the tunnel.
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3. OVERALL VALVE PERFORMANCE

The ETVE showed promise during the phase II testing but failed to meet
specifications in a number of areas. The most important problem was
valve chatter during opening. If the chattering problem can be
overcome, then the design has the potential of being very useful in
controlling the flow in large scale blast simulators.
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APPENDIX No.1

LIST OF EQUIPMENT AND INFORMATION

FORWARDED TO THE BRL
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LIST OF EQUIPMENT AND INFORMATION

FORWARDED TO THE BRL

1. A video tape containing

a) video-audio information on one blowdown at each driver pressure

b) video-audio information on the dis/assembly of the ETVE and
specific seal information

2. Hard copies of all the data printouts from the ISC-16SH acquired
data

3. The front end box and the ISC-16SH card from RC electronics SN
0690707 and corresponding manuals

4. One 44MB Bernoulli disk with all the raw and reduced data acquired
with the ISC-16SH card

5. Nineteen pressure transducers SN 708-9:12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 25, 26, 27, 28, 29, 30, and 31

6. One expansion module for the LTE Compaq and a 4MB memory expansion
module SN 1116HAW10494 Gov. Prop. ID. 296346

7. The driver tube, heater, expansion tunnel and clamping devices,
expansion tunnel supports, ETVE and controls, extra bolts, ETVE
control boxes, ETVE solenoids, one flowmeter, the flexibility loop
and Safety Relief Valve, and instrumentation as it came with the
original equipment
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APPENDIX No.2

EATON THROAT VALVE ELEMENT

ENGINEERING SPECIFICATION
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ES-51190

1.0 SCOPE

1.1 Introduction In order to meet the growing need for verification

of nuclear blast survivability of military hardware, the US Army is

sponsoring research into the design and operation of a Large Blast

Thermal Simulator (LBTS) scheduled for completion in the early

1990's. The thermal simulation will be effected by a thermal

radiation source based on the combustion of aluminum and oxygen. The

blast simulation will be produced by a number of high pressure driver

tubes releasing compressed nitrogen gas into a large expansion

tunnel. The shock wave will be driven by an array of nine 6-ft

diameter steel driver tubes. The shock will be initiated either by
rapidly opening a throat valve or by explosively actuating rupture

disks downstream of the open throat valves. After the shock is

initiated, the throat valves are then closed in a controlled manner

to meter the flow, sending forward rarefaction waves which cause the

pressure behind the shock to decay in the same manner as a free field

blast wave. Prior to the construction of the full scale facility, a

prototype LBTS facility will be built to test the driver tube valves

and other major components. An existing 8-ft diameter shock tube at

the Ballistic Research Labmratory will be modified to house a 3-ft

diameter driver tube for a 1/6 scale test facility. This single 36

inch driver tube will be used to represent the nine driver tubes of

the full scale facility. Only one valve will be required for the 1/6

scale facility. This valve can be considp-d a 1/2 scale (on the

diameter) prototype of the full scale val

1.2 Scooe The development of the LBTS valves and associated

hardware will be completed in phases, as funding permits. These Rev. A

program phases are listed below.
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Phase I Conceptual designs evaluated, and a preferred design

concept chosen

Phase IIA Design of the complete half scale valve system

Phase IIB A single prototypical element based on the half scale

design will be fabricated and tested

Phase IlIA Fabrication of the half scale rupture disk assembly

(See Definition Section 1.4)

Phase IIIB Fabrication of the half scale valve assembly which

will interface with the equipment constructed in

Phase IlIIA

Phase IV Design of full scale complete valve system using Rev. A

updated information gathered in testing of the half

scale equipment

Phase V Fabrication of full scale complete valve systems

This specification defines the requirements to be used for all the

above phases except for Phase I, which is complete.

1.3 Applicability This specification applies to the half scale

single complete valve system used to control the gas flow from the

driver tubes in the 1/6 scale facility and the nine complete valve

systems required for the full scale LBTS facility. The purpose of

these valves is to initiate flow from the driver tubes in such a

manner that a sharply defined shock is propagated into the expansion

tunnel (also referred.to as the expansion tube). The valves are then

closed in such a mander that the proper pressure profile is developed

behind the shock. This specification applies to all items listed in

section 1.4.1, complete valve system.
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1.4 Definiticns

During Phase I and Phase II of the LSTS valve program, delineation of

specific valve equipment has become necessary. Identification and

dezcription of these-components ars found below and are the basis for

all descriptions and requirements in this specification.

1.4.1 Complete Valve System This includes both the valve

assembly of 1.4.2, and the rupture disk assembly of

1.4.5. In general, this includes all portions of the LBTS

valve between the driver tube and the expansion tunnel (or

expansion tube) as well as all controllers and software.

See Figure 1.

1.4.2 Valve Assembly This is the multi-element valve connected

directly to the high pressure driver tube. This is also Rer. A

referred to as simply 'valve'. This would include all

valve control systems, software, man/machine interface,

mounting hardware and support documentation. This is a

stand alone assembly which may or may not be operated in

conjunction with the rupture disk assembly. It is

understood that operation of this valve without the use of

the rupture disk assembly, will require the use of the

valve assembly expansion tube adapter of section 1.4.3.

The valve assembly expansion tube adapter is an optional

item, and is not a part of the valve assembly. See Figure

2.

1.4.3 Valve Assemblv Expansion Tube Adapter This item is to be

used only when the valve is being used without the rupture

disk assembly. It forms a seal between the outlet of the

valve and the expansion tube. This is an optional item

and may or may not be procured or used. This item is only

applicable to the half scale valve. See Figure 2.

33



1.4.4 Valve Element This is defined as one of the multiple

on/off valve elements used in the valve assembly. See

Ficure 2.

1.4.5 Rupture Disk Assembly This includes the rupture disk

transition piece (1.4.6), rupture disk holder (1.4.7),

dual rupture disks, rupture disk assembly seal plate

(1.4.8, half scale only), attachment rings, brackets,

gaskets, and all mounting hardware. This item is a stand

alone assembly, capable of being operated with or without

the valve assembly. See Figure 1.

1.4.6 Rupture Disk Transition Piece This item is designed to

bolt up to the driver tube directly or to the valve

assembly. This item provides for the adaptation of the 36

inch ID of the driver tube or valve to the 18 inch ID of Rev. A

the rupture disk outlet. The rupture disk holder of 1.4.7

mounts to the downstream side of this item. This may be

used with or without the valve in place. See Figure 3.

1.4.7 Ruoture Disk Holder This item connects directly to the

down stream section of the rupture disk transition piece

and is used to hold and seal the rupture disks prior to

rupture disk blast initiation. See Figure 3.

1.4.8 Rupture Disk Assembly Seal Plate This item effects the

seal between the rupture disk assembly and the 1/6 scale

expansion tube. This is a required item for all blast

operation,.and will be used with or without the valve in

place. This item is applicable to the half scale valve

only. See Figure 3.
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2.0 APPLICABLE DOCUMENTS

2.1 The following documents form a part of this specification to the

extent specified herein. Unless otherwise specified, the issue in

effect on the date of invitation to bid shall apply. In the event of

a conflict between the documents referenced herein and the contents

of this specification, the contents of this specification shall be

considered a superseding requirement.

American Society of Mechanical Engineers (ASME)

ASME Boiler and Pressure Vessel Code, Section VIII

American National Standards Institute

ANSI B16.34, Steel Valves, Class 1500

National Electrical Manufacturers Association Standard

3.0 REQUIREMENTS

3.1 General Both the half scale and the full scale valves

assemblies shall be delivered as complete units with all supporting

hardware, including control system, man/machine interface, and

operation/maintenance manuals. Electrical power, low flow rate

nitrogen gas at 2100 psig, and utility water will be supplied. The

valve assembly shall be delivered as a stand alone system and must be

designed for use with or without the rupture disk assembly of section Rev. A

3.14. It is expected that the rupture disk assembly will be procured

first, with the valve procurement following at a later date as

funding becomes available. It is required that the valve assembly

and the rupture disk:-assembly be compatible, so that integration of

these separately procured-items can occur at the facility with no

equipment modification.
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3.2 Dejcn The chosen design concept is a valve assembly containing

multiple on/off elements which are individually closed to approximate

the required closing curve. All valve assemblies shall contain a

minimum of 18 elements. During the opening cycle, the valve elements

shall be opened simultaneously, thus minimizing the opening time.

During the closing cycle the valve elements shall be closed in such a

manner that symmetrical loading is placed on the valve. During some

operating conditions, a number of elements will remain in the closed

position during the entire valve open/close sequence. When the

rupture disks are used to initiate the blast, some or all of the

valve elements will begin the blast sequence in the open position,

and then close to shape the blast wave. The valve assembly and the

rupture disk assembly shall be designed, manufactured, tested and

marked in accordance with the requirements of the ANSI 816.34, and Rev. A

the intent of ASME Section VIII (Code stamp is not required).

3.3 Valve Operatina Conditions

Inlet Pressure 35 psig minimum - 2250 psig maximum

Outlet Pressure 0 psig

without rupture

assembly

Outlet Pressure 0 - 1860 psig for the half scale valve
witn rupture disk and 0 - 2250 psig for the full scale

assembly valve. During a blast sequence, when Rev. A

the rupture disk assembly is used, the

full range of pressures may be seen in a

single blast sequence

Inlet Temperature -40 F to 700 F

Outlet Temperature -40 F to 130 F
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Flow Media Nitrogen Gas

Ambient Humidity 10 - 100%

3.4 Valve Size

3.4.1 Flow Sizing The full scale valve shall provide the same flow

rate at all supply pressures as a piece of straight 36 inch ID pipe

of the same overall length. The half scale valve shall provide the

same flow rate at all supply pressures as a piece of straight 18 inch

ID pipe of the same overall length.

3.4.2 End Connection Size Full scale valves shall mate to the

72-in. ID steel driver tubes. The method of connection (welded,

flanged, or other coupling such as a Grayloc clamp) shall be

determined by the vendor. The downstream portion of the full scale
valve assembly (which may or may not include a rupture disk assembly)

shall discharge directly into the expansion tunnel with no connection Rev. A

necessary. The upstream side of the 1/2 scale valves shall mate to

the 36 inch diameter driver tube flange shown in Figure 4. The

downstream side of the 1/2 scale valve assembly shall be mated to the

rupture disk assembly or the valve assembly expansion tube adapter.

3.4.3 Envelope Size The full scale valve body and actuators shall

be capable of fitting within a cylinder 102 inches in diameter,

coaxial with the driver tube. The overall length of the full scale

valve shall be determined by the vendor. The half scale valve body,

actuators and rupture disk assembly shall be capable of fitting Rev. A

within a cylinder 86 inches in diameter, with an overall length of

62.25 to 120 inches (See Figure 5). Although not desirable, some
flexibility exists to increase diameter of the upstream 62.25 inches

of this valve envelope. EG&G concurrence is required if this

increase is necessary.
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3.5 Valve Element Actuator The primary valve element actuator shall
be operated by compressed air or nitrogen. Operator pressures of
less than 2100 psig are preferable but not required. If higher
operator pressures than 2100 psig are required, the high pressure
actuator gas supply shall be furnished by the manufacturer. Although

2100 psig gas pressure will be supplied by the test facility, this
will be delivered at a low flow, therefore if high flow is necessary, REV A

the vendor will be required to provide the necessary accumulators or
other hardware necessary to provide the required nitrogen flow rate.
Snubbing of the valve elements shall be of a passive type to prevent
unintentional valve damage.

3.6 Valve Construction

3.6.1 Body Material Material shall satisfy the applicable
requirements of ANSI B16.34 and the ASME Code.

3.6.2 Trim-Material To be determined by vendor.

3.6.3 Body Type To be determined by the vendor.

3.7 Valve Assembly Expansion Tube Adapter This item shall connect

directly to the valve assembly and provide a seal between the valve
and the expansion tube. This adapter shall be sized to withstand
internal expansion tube pressures of 0 to 50 psia at -40 to 200 F
temperature. A lifting eye or eyes shall be provided for installation REV A
and removal of the valve assembly seal plate. The adapter shall have
an ID of 96 inches to match the existing expansion tube and shall be
configured similar to Figure 2. Bottom support saddles shall be as
shown in Figure 6. This item applies to the half scale valve only.
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3.3 Valve Performance Characteristics

3.8.1 Ooenina Performance The valve shall be capable of moving all

elements simultaneously from the fully closed to the fully open

position in less than 10 ms. The shape of this opening curve is not

important.

3.8.2 Closing Performance In the closing direction, not only does

the valve have to be fast acting but also precisely timed such that

the valve open area verses time plot closely approximates the desired

closing schedules as shown in Figures 7A through 7D. These

approximate plots apply to the full scale valves only, and are

derived from the tabular data listed on each figure. Other closing

schedules similar to these shown are expected, and thus the valve

should be sufficiently flexible to allow for the programming of

varied closing schedules. In the case of the half scale valve, it is

desired to close the valve in one sixth the times listed in Figures

7A - 70. If this becomes economically infeasible, exception can be

taken to this requirement and a best effort closing schedule

submitted. Additionally, it is desired to open the the valves in one

sixth of 10 ms, or 1.7 ms. It is recognized that this will be

difficult to achieve, and is not a requirement. However, effort

should be made to open the half scale elements as fast as practical

to minimize the the usage of the explosive actuated rupture disks.

3.8.3 Dwell Time Dwell time refers to the time the valve is in the

fully open position in the open/close cycle. This time should be

variable between 0 and 100 milliseconds.

3.8.4 Flexibility All the valve elements shall have the capability

to be individually opened and closed or remain in position

independent of adjacent valve elements. This valve open/close

sequencing programming shall be initiated and controlled from a

remote location by electronic means.
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3.9 Maintainability The valve elements shall be accessible from the

outside of the valve or from the downstream end of the valve

assembly. The valve shall be designed to allow reasonably convenient

removal or repair of parts subject to wear. Seals shall be

replaceable, and seats shall be capable of being re-lapped or

replaced. A recommended spare parts list shall be provided with the

valve assembly. Special tools which are necessary to maintain the

valves shall be provided by the manufacturer.

3.10 Reliability The manufacturer shall provide test data to

quantify the reliability of the valve and the expected deviation from

the required opening, dwell and closing requirements.

3.11 Design Life The valves shall be capable of opening and closing

5000 times without major rework. The valves shall be capable of

opening and closing 150 times without requiring maintenance of

seats, seals etc.

3.12 Position Indication Remote position indication in at least one

valve element position (on or off) shall be provided for each valve

element. This indication shall be recorded during the open/close

sequence.

3.13 Leakaae Recuirement All valves assemblies shall be leak tested

to verify acceptable leakage at the conditions below. Downstream

conditions for the test will be atmospheric, the flow media shall be

dry nitrogen.

Full Scale 250 lbm/hr at 2250 psig and 700 F

30 Ibm/hr at 180 psig and ambient temperature

Half Scale 125 lbm/hr at 2250 psig and 700 F

15.lbm/hr at 180 psig and ambient temperature
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3.!4 Ruoture 9isk Assembly

3.14.1 General The rupture disk assemoly shall be designed to

operate with or without the valve in place, with no modification

required of either the valve assembly or the rupture disk

assembly. This will require that the rupture disk assembly

sealing plate be attached at two different locations in the

expansion tube. The rupture disk assembly shall be supplied with

all mounting hardware support saddles, gaskets, brackets and

lifting eyes. Operating conditions for the half scale rupture

disk assembly are 0 to 1860 psia internal pressure at 0 to 700 F

internal temperature, and 0 to 2250 psig internal pressure at 0

to 700 F internal pressure for the full scale assembly. If it

can be shown by analysis and testing that the full scale valve

assembly can be opened sufficiently fast to produce a sharply

defined shock wave (as determined by the U.S. Army Ballistics Rev. A

Research Laboratory), the rupture disk assembly will not be

required for the full scale valves. However, design for the

rupture disk assembly for the full scale valve shall be provided

with the valve assembly full scale design. In all cases the

rupture disk assembly design and fabrication will be required

with the half scale valve.

3.14.2 Rupture Disk Transition Piece This item will attach to

the downstream side of the valve assembly and reduce

concentrically from the diameter of the valve assembly to an 18

inch ID section. The included angle of this reducing section

shall be 900, or 450 as measured from the center line to the

reducing section wall. Straight walls on either side of this

reducing section are required. Design shall be to the intent of

ASME Section VIIL, however, no code stamp is required. A 1 inch

pipe stub with male NPT threads shall be provided near the

upstream portion -of the rupture disk transition piece for the

purpose of admitting breathing air to the interior during periods
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of maintenance. A pipe cap shall be provided with this pipe

stub. The rupture disk holder shall mount on the downstream end

of the rupture disk transition piece. The rupture disk

transition piece shall have a minimum length of 62.25 inches such

that the rupturedisk holder will project into the expansion tube

without the valve in place. Lifting eyes shall be provided in

locations such that the transition piece, with or without the

rupture disk sealing plate attached, can be lifted into place in

its normal horizontal orientation without the aid of additional

rigging. Two bottom support saddles as shown in Figure 6 shall

be provided on the half scale rupture disk transition piece.

These support saddles shall be located as shown in Figure 3.

3.14.3 Rupture Disk Holder The rupture disk holder will mount

on the downstream side of the rupture disk transition piece.

This item shall hold and seal the rupture disks of 4.4 in place Rev. A

under full system pressure. Design of this item shall be to the

intent of ASME Section VIII, however no code stamp is required.

The rupture disk holder shall be mounted inside the expansion

tube such that disk change out can be accomplished with a small

hand operated monorail hoist. Lifting eyes shall be provided on

the rupture disk holder to facilitate disk change out and

maintenance. Designs which use through bolts from inside the

expansion tube to the outside the-expanrsion tube should be

avoided to omit the need of change out personnel both inside and

out side the tube. Gaskets and mounting hardware shall be

provided with the rupture disk holder. The holder shall be

designed to accept two rupture disks mounted in series. Each of

these rupture disks shall hold half the system pressure,

requiring that the volume between the to rupture disks be

pressurized at half the total system pressure. Two 1/4 NPT
P0

female pressurizition/cooling gas ports located 1800 apart

shall be provided in the void between the installed rupture

disks. Pressurization equipment will not be a part of this

specification. The spacing between the dual rupture disks shall
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be less than 10 inches, and a minimum of I inch. The rupture

disks shall discharge directly inzo the expansion tube, thus no

downstream connections are necessary.

3.14.4 Rupture Disks Rupture disks will be used in some test

operations to allow the rapid release of the high pressure gas in

the driver tubes. To achieve the precise timing necessary to

produce a sharply defined shock wave from multiple tubes, the

downstream rupture disks will be burst by the use of linear

cutting charges attached to the disks by the end user. In most

tests, two rupture disks shall be used, each designed to take one

half of the driver tube pressure. When the downstream disk is

opened, the full system pressure is seen by the upstream disk,

which then in turn ruptures, allowing the rapid escape of the

driver tube gas. The purpose of the upstream rupture disk is to

act as a heat shield for the cutting charges attached to the

downstream disk. The upstream disk shall be sized to hold half

the system pressure, but allow reliable disk rupture at full Rev. A

system differential pressure. At low driver tube pressures whet

ambient temperature driver tube gas is used, there is no need for

the upstream heat shield disk, thus only the downstream disk with

the cutting charges will be used. Fragmentation of the disks

during actuation is undesirable. As a design goal, individual

fragment particles should have a mass of less than 0.03 gram.

Rupture disk tear off is unacceptable. Fragments from the

cutting charge materials are understood to be beyond the control

of the vendor. Cutting charges will not be required to be

suppled with the rupture disks. However, disk development will

require the use of cutting charges by the vendor during

development to accurately model final disk rupture. Recommended

charge configuration shall accompany each type of rupture disk

provided. Afterorupture, the open disk area of each disk shall

be at least 255 square inches, which is equivalent to an 18 inch

ID orifice. Care shall be taken during the design so that this

minimum open area is met should the displaced disk petals overlap
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and/or c~ntac: the holder wall. A total of 35 rupture disk shall
*be provided, the type and amount are listed below.

Driver Tube Driver Tube Upstream Downstream

Pressure, psig -Temperature, F Disk Amount Disk Amount

1860 700 5 5

1128 383 5 5

422 190 5 5

142 Ambient 0 5

This corresponds to five tests at each pressure.

3.14.5 Rupture Disk Assembly Seal Plate This item provides the

seal between the rupture disk transition piece and the existing

96 inch ID expansion tube. An air tight seal is not required of

the sealing plate. A 1/2 annular gap is permissible between the

sealing plate and the mating components. The rupture disk

sealing plate shall withstand an expansion tube internal pressure Rev. A

of 0 to 50 psi absolute. Design temperature range for the

rupture disk sealing plate shall be -40 to 200 F. Attachment of

the sealing plate to the expansion tube shall be by bolting to an

attachment ring which is skip welded to the interior of the

expansion tube. This sealing plate attachment ring will be

ground out after test completion. The attachment ring and seal

plate joint shall be designed to allow the seal plate to pass

through the attachment ring. Two seal plate attachment rings

will be required in the final system configuration, however only

one attachment ring will be required to be supplied with the

rupture disk assembly, and the other supplied with the valve

assembly.
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3J!5 Stress Analysis A stress analysis report which address the the

ASME Section VIII analysis of all pressure boundary components shall REV A

be provided to EG&G Idaho as a part of the final design of all

pressure retaining and load bearing components.

3.16 Design Documentation The vendor shall supply the final design

drawings, calculations, specifications for EG&G Idaho approval prior

to the start of fabrication.

3.17 General Safety All valves and components shall be designed

such that maintenance and inspection personnel are not subject to

sharp edges and burrs. Also such operations shall not be required to

be performed at high temperatures and pressures. Fragile items on

the valve and components subject to accidental damage shall be

adequately shielded or encased to minimize the risk to personnel and

equipment.

3.18 Lifting and SuDport The valve assembly and the rupture disk

transition piece shall be provided with supports and lifting eyes.

The lifting eyes shall be placed such that the components can be

lifted in their final orientation and placed in position. Lifting

eyes shall be designed with a minimum safety factor of 5 based on the

ultimate strength of the material used. Supports for the half scale

valve and rupture disk transition piece shall be similar to Figure

6. Support of the full scale components shall be worked in

conjunction with the facility design contractor and/or EG&G Idaho.
REV A

3.19 Project Phases and Required Schedule

Phase I Concept Evaluation--Complete

Phase IIA Half Scale Design--Valve assembly design complete,

rupture disk assembly design partially complete.
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Phase IIB Half Scale Design Prototype Elenent

Fabrication--Complete by May 1, 1989

Phase IlIA Rupture Disk Assembly Fabrication--Ship by

November 1, 1989

REV A
Phase IIIB Half Scale Valve Assembly Fabrication--To Be

Determined

PhaseIV Full Scale Design--To Be Determined

Phase V Full Scale Fabrication--To Be Determined

4.0 QUALITY ASSURANCE PROVISIONS

The manufacturer's quality assurance program shall meet the

requirements of military specification MIL-Q-9858A, Quality Program

Requirements. Also the manufacturer shall adhere to the requirements

listed on the attached EG&G Idaho Form 1097 "Standard Quality

Requirements for Suppliers.

5.0 PACKAGING

All material shipped to the customer shall be clearly marked as to

its contents and packaged in such a way as to preclude shipping

damage. Equipment should be assembled as much as practical and

should have accompanying assembly, operation, and maintenance

documentation. All equipment weighing over 40 lbs shall have lifting

points and weight clearly indicated and-shall be readily rigged for

lifting.

6.0 NOTES

This section is not applicable to this specification.

46



x 4

CL

UU

to U1
W) z

Id47



'n

I I

LaJ

CLa
o C

LJ

LCa

x0

o I

m0

in~

V)

U

A L

uiC

-------41

cc

in

48a



< --

L:D --

0 ~ LU
I- (X L1=

LUn

=LU

=) 0

LSJj

494



CLO

ii

'4-

CC

U I C_ _ _

CuC

50



C~4

CL

LL

0* 04
L--

*) 0IC

IL -- -

IaJ < 14L

-

I.-I

vs U- LL

LLU
- CdC

< >
51z



DRIVER TULEL CEN7ERLNE

RADIUS TO FiT BOTTOM EDGE OF EUMN

IHICKNESS BASED ON ELASTIC
STAE31LITY OF PLATE

32.5 WELD TO BOTTOM

EDGE OF EQUIPMENT

1,Z13 DRILL TiH.RU
2X

7

16.0 14,5 0
2x

32.0

TYPICAL SUPPORT
LBTS 1\2 SCALE VALVE
AND T1RANSITlON EE

FiC-URE 6 52



_____I I__I II aI

... . . . . . . . . . . . . ...... . -

aia
Q. C..1 I- I. m :

53-_

- U

- 9 - -I I-I



C-

CD2-

to ~ *

__ _ _ _ _ _ _ __ _ _ _ _ _ _ _ 5 _ _ _ _ _ _ __ _ _ _ _ _ _

Qn OMto MLn -W mrM "a



W rL -t ________M__OO__I,- to

0 D 04= 4O - - " M O ntfl- 0

I- . . . . .

- 7- eu )4=C 4

-ljGLE Nn - . qA -ia



=0

C- CL

o D Q0 M.. (M % j U)Own . . . . . . . . . .

00-.

_____~~~~~~ ~~~~ ZI~l -0 f U U O f0 0 U U _ _ _ _ _ _

00

ar Z; I ]I ?]

I5



No. of No. of
Cooies Oroanization Copies Organization

2 Administrator 1 Commander
Defense Technical Info Center U.S. Army Tank-Automotive Command
ATTN: DTIC-DDA ATTN: ASONC-TAC-DIT (Technical
Cameron Station Information Center)
Alexandria, VA 22304-6145 Warren, MI 48397-5000

Commander 1 Director
U.S. Army Materiel Command U.S. Army TRADOC Analysis Command
ATTN: AMCAM ATN: A RC-WSR
5001 Eisenhower Ave. White Sands Missile Range, NM 88002-5502
Alexandria, VA 22333-0001

1 Commandant
Commander U.S. Army Field Artillery School
U.S. Army Laboratory Command ATTN: ATSF-CSI
ATTN: AMSLC-DL Ft. Sill, OK 73503-5000
2800 Powder Mill Rd.
Adelphi, MD 20783-1145 2 Commandant

U.S. Army Infantry School
2 Commander ATTN: ATZB-SC, System Safety

U.S. Army Armament Research, Fort Benning, GA 31903-5000
Development, and Engineering Center

ATTN: SMCAR-IMI-I (cw". onl)i1 Commandant
Picatinny Arsenal, NJ 07806-5000 U.S. Army Infantry School

ATN: ATSH-CD (Security Mgr.)
2 Commander Fort Benning, GA 31905-5660

U.S. Army Armament Research,
Development, and Engineering Center (ufwu& Only)1 Commandant

ATTN: SCAR-TDC U.S. Army Infantry School
Picatinny Arsenal, NJ 07806-5000 ATN: ATSH-CD-CSO-OR

Fort Benning, GA 31905-5660
Director
Benet Weapons Laboratory 1 WL/MNOI
U.S. Army Armament Research, Eglin AFB, FL 32542-5000

Development, and Engineering Center
ATTN: SMCAR-CCB-TL Aberdeen Proving Ground
Watervliet, NY 12189-4050

2 Dir, USAMSAA
(uncla. on" Commander ATTN: AMXSY-D

U.S. Army Armament, Munitions, AMXSY-MP, H. Cohen
and Chemical Command

ATTN: AMSMC-IMF-L 1 Cdr, USATECOM
Rock Island, IL 61299-5000 ATTN: AMSTE-TC

I Uirector 3 Cdr, CRDEC, AMCCOM
U.S. Army Aviation Research ATTN: SMCCR-RSP-A

and Technology Activity SMCCR-MU
ATN: SAVRT-R (Library) SMCCR-MSI
M/S 219-3
Ames Research Centei 1 Dir, VLAMO
Moffett Field, CA 94035-1000 ATTN: AMSLC-VL-D

1 Commander 10 Dir, USABRL
U.S. Army Missile Command ATTN: SLCBR-DD-T
ATTN: AMSMI-RD-CS-R (DOC)
Redstone Arsenal, AL 35898-5010

57



No. of
Cor ies Organization

2 EG&G Idaho, Inc.
ATM: Marcela R. Stacey
P.O. Box 1625
Idaho Falls, ID 83415

58



USER EVALUATION SHEET/CHANGE OF ADDRESS

This laboratory undertakes a continuing effort to improve the quality of the reports it
publishes. Your comments/answers below will aid us in our efforts.

1. Does this report satisfy a need? (Comment on purpose, related project, or other area of
interest for which the report will be used.)

2. How, specifically, is the report being used? (Information source, design data, procedure,
source of ideas, etc.)

3. Has the information in this report led to any quantitative savings as far as man-hours or
dollars saved, operating costs avoided, or efficiencies achieved, etc? If so, please
elaborate.

4. General Comments. What do you think, should be changed to improve future reports?
(Indicate changes to organization, technical content, format, etc.)

BRL Report Number BRL-CR-687 Division Symbol

Check here if desire to be removed from distribution list.

Check here for address change.

Current address: Organization
Address

DEPARTMENT OF THE ARMYI
Director NO POSTAGEU.S. Army Ballistic Research Laboratory NECESSARY
ATTN: SLCBR-DD-T MEDAberdeen Proving Ground, MD 21005-5066 IF MAILED

IN THE

UNITED STATES
OFCIAL BUSINESS BUSINESS REPLY MAIL

FIRST CLASS PIIT No 0001, APG, MO

Postage will be paid by addressee

Director
U.S. Army Ballistic Research Laboratory _

ATTN: SLCBR-DD-T
Aberdeen Proving Ground, MD 21005-5066 _ _


